Investigating weaning using dental microwear analysis: A review  by Scott, Rachel M. & Halcrow, Siân E.
Journal of Archaeological Science: Reports 11 (2017) 1–11
Contents lists available at ScienceDirect
Journal of Archaeological Science: Reports
j ourna l homepage: www.e lsev ie r .com/ locate / jas repInvestigating weaning using dental microwear analysis: A reviewRachel M. Scott ⁎, Siân E. Halcrow
Department of Anatomy, University of Otago, P.O. Box 56, Dunedin 9054, New Zealand⁎ Corresponding author.
E-mail addresses: rachel.scott@anatomy.otago.ac.nz (R
sian.halcrow@otago.ac.nz (S.E. Halcrow).
http://dx.doi.org/10.1016/j.jasrep.2016.11.026
2352-409X/© 2016 The Authors. Published by Elsevier Ltda b s t r a c ta r t i c l e i n f oArticle history:
Received 23 August 2016
Received in revised form 9 November 2016
Accepted 15 November 2016
Available online xxxxThis paper provides a theoretical review and a framework of methods for using dentalmicrowear analysis on de-
ciduous teeth to investigate weaning processes from archaeological remains, and provides an approach to assess
changes in food consumption during weaning. We review the process of weaning, which can be informative of
subsistence transitions, maternal labour, demographic factors including birth spacing and infant health, and
highlight the relationships between weaning, immune status, and exposure to pathogens. Prior microwear re-
search has largely focused on adults necessitating consideration of the methods concerning deciduous teeth.
Microwear can be used to discern between the consistency and fracture properties of food as enamel is removed
duringmastication, and is inﬂuenced by how food is prepared (for example premasticated, raw, cooked). As such,
microwear provides a direct way to explore the introduction of complementary foods duringweaning. A concep-
tual model of the potential confounders of assessing microwear in deciduous teeth including tooth biology, bite
force, and the development of oral mechanics is presented. These are pertinent to understanding infant feeding,
which changes in tandemwith physical development and the sequence of dental eruption. This is relevant to fu-
ture research for the interpretation of themicrowear signatures of infants compared with adults. Understanding
weaning practices and early life diet is crucial to expand and developwhatwe know about cultural systems, pop-
ulation health, nutrition, and subsistence practices in the past.
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Weaning and the introduction of complementary foods have impor-
tant implications for anthropological research. Over the course of.M. Scott),
. This is an open access article underhuman history, subsistence has changed with technological develop-
ment and innovation, domestication, environmental and climatic
changes, mobility, and dietary preferences (Gilbert and Mielke, 1985).
Understanding the move from foraging and hunting, to pastoralism,
and agriculture is critical as the type of foods consumed by a population
directly impacts the essential proteins and micronutrients in their diet.
Moreover, weaning foods can inﬂuence the duration of weaning and
therefore has effects on fertility. Without sufﬁcient nutrients infantsthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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life is one key factor underpinning growth and later adult health, and
the period of weaning with the introduction of food other than breast
milk is the ﬁrst pivotal stage of this synergy between diet and health.
Furthermore, access to different foods within populations can be cultur-
ally determined with unequal distribution occurring between sex, bio-
logical age, or social age categories. These distinctions can often begin
from infancy and childhood.
In bioarchaeological research, the process and timing of weaning
have been investigated using stable isotopes from skeletal and dental
remains to detect changes in diet from the introduction of complemen-
tary foods while breastfeeding (for example Dupras and Tocheri, 2007;
Richards et al., 2002; Schmidt et al., 2016b; Tessone et al., 2015). How-
ever, the destructive process of stable isotope analysis means that some
institutions decline research applications, especially of infant and child
remains as these can be under represented in collections acquired by ar-
chaeological excavation (Guy et al., 1997; c.f. Halcrow and Tayles, 2008;
Lewis, 2007).
In adults, non-destructive techniques for analysing dental
microwear have been used successfully to detect different types and
consistency of foods in the diet, and the introduction of abrasives into
the chewing cycle during mastication (El Zaatari and Hublin, 2014;
Hillson, 2005; Schmidt et al., 2016a,b). This has rarely been used on in-
fant and children's dentition even though it provides valuable informa-
tion on the dietary practices of this under-studied group. Dental
microwear analysis has the potential to identify subtle changes to the
enamel surface of deciduous teeth from the introduction of comple-
mentary foods.
This reviewhighlights the importance of theweaning process for the
mortality and morbidity of children and as adults, which has implica-
tions for fecundity and population demography. It looks at the ability
of dental microwear analysis to detect weaning in infants from archae-
ological contexts by providing a review of the methods used in this
growing ﬁeld. Deciduous enamel and oral kinetics associatedwith feed-
ing differ to adults. These aspects are discussed in terms of how they
may impact dental microwear signatures on infant and children's
teeth (Section 3). This review can act as a guide to the progression of in-
fant jawmovements andhow thesemight impactmicrowear signatures
thereby enabling more accurate interpretations of results in the future.
Future research avenues, guiding methods to use at the onset of re-
search, and the potential for combined complementary research with
other areas of bioarchaeological studies such as dental macrowear and
stable isotope analyses are presented (Section 4). We hope this review
will encourage archaeologists and bioarchaeologists to incorporate den-
tal microwear analysis in their reconstruction of weaning processes in
the past. Excluding isotope analysis, there are few ways in which this
process can be directly explored in the skeletal record.
2. The weaning process
One of the ﬁrst crucial stages in an infant's life is the weaning pro-
cess, deﬁned here to commence when food other than breast milk is in-
troduced into the diet. At the end of this process when breastfeeding
ceases the child enters a new life stage (e.g. Bogin and Smith, 1996)
that in many societies coincides with increased independence and
physical development (Gowland, 2015:532). The period of complemen-
tary feeding comprises part of the ﬁrst “1000 days” from conception to
24months old, which is believed to be themost crucial period for infant
growth and development, and much of which is mediated by the nutri-
tional value of themother and infant's diet (Dewey, 2013; Neville et al.,
2012; Victoria et al., 2010). This can have long-term or even generation-
al effects on health. These life stages are part of the life course of an in-
dividual, moderated by biological and social changes within a larger
shared community (Prowse, 2011).
While complementary foods are required to fulﬁll the nutritional re-
quirements of an infant from approximately 6months of age, they oftenprovide an unfortunate gateway for infectious agents and pathogens
causing diarrhoeal disease (McDade and Worthman, 1998; Mølbak et
al., 1994; Meehan and Roulette, 2013; Stinson, 2002). Identifying the
ageweaning foodswere introduced, or identifying the types of foods in-
troduced over the period of weaning, is therefore important for under-
standing patterns of health and disease within and between
populations. Dental microwear analysis of deciduous teeth has the po-
tential to identify these patterns. To understand why it is important to
determine from microwear analysis when complementary foods were
introduced into the diet of infants in the past we must ﬁrst look at the
beneﬁts that are provided by breast milk, and the health risks and ben-
eﬁts associated with the weaning process.
2.1. Breast milk, complementary foods, and weaning severance
Breastmilk provides vital nutrients that buffer infants from ill health
and disease in the ﬁrst few months of life (Ballard and Morrow, 2013;
Filteau, 2000; Neville et al., 2012; Walker, 2010). The ﬁrst substance
produced, colostrum, has high concentrations of multifunctional pro-
teins (Ballard and Morrow, 2013) that promote cell growth, and con-
tains leukocytes, which help ﬁght infection and disease (Walker,
2010). From ≥4 months postpartum breast milk development is com-
plete and no further changes to breast milk composition occur
(Ballard and Morrow, 2013). Breast milk is composed of essential
macro and micronutrients such as proteins, fats, carbohydrates, and vi-
tamins with anti-inﬂammatory properties (Ballard and Morrow, 2013;
Filteau, 2000; Walker, 2010:S5) that are linked to the mother's nutri-
tional status and diet (Ballard andMorrow, 2013). The nutrients within
milk aid in maturation of the immature gut and provide protection
against infectious diarrhoea (Neville et al., 2012; Walker, 2010). This is
extremely important as, after pneumonia, diarrhoeal disease is the sec-
ond leading cause of infant mortality in developing countries (Filteau,
2000; Stinson, 2002; UNICEF/WHO, 2009).
Clinical literature suggests that breastfeeding until 6 months of age
followed by the introduction of nutritious complementary foods during
the weaning process is optimal for good health (Ballard and Morrow,
2013; Breastfeeding, 2016; Dennis, 2002; Sellen, 2001; Valentine and
Wagner, 2013; Von Berg, 2006). TheWorld Health Organization recom-
mends exclusive breastfeedinguntil the age of 6months (UNICEF/WHO,
2009). Ethnographies and demographic reports show that in some non-
industrial populations infants are exclusively breastfed until the age of 4
to 6months (Plank andMilanesi, 1973; Sellen, 2001; Yáñez, 1980),with
additional liquids such as water, tea, or broth occasionally introduced
earlier (Dettwyler, 1987; Imong et al., 1995; Mølbak et al., 1994;
Sellen, 2001). This may have negative implications for future morbidity
as the introduction of complementary foods puts infants at greater risk
of diarrhoeal disease, gastroenteritis, and death (Meehan and Roulette,
2013; UNICEF/WHO, 2009:13). Conversely, exclusive breastfeeding for
longer periods (N8 months) without providing complementary foods
is also detrimental to physiological health because breast milk alone
cannot provide the essential nutrients needed for optimum growth
and development from this age (Delaney and Arvedson, 2008; Dewey,
2013; Jay, 2009; Lutter and Lutter, 2012; McDade and Worthman,
1998). Complementary foods also need to have adequate nutritional
value to provide the best opportunity for good health. The protection
from pathogens provided by breast milk can be negated by feeding
complementary foods that are insufﬁcient in essential nutrients and
through contaminants on or within the food (Imong et al., 1995;
Filteau, 2000). When complementary foods are an insufﬁcient source
of protein and vitamins, malnutrition and nutrient deﬁciencies can
occur (Dewey, 2013; Filteau, 2000). From this contemporary evidence
it is anticipated that complex dental microwear signatures on the ﬁrst
erupted teeth (incisors ±6 months of age) in archaeological popula-
tions could aid in explaining morbidity patterns of infants as the early
or late introduction of complementary foods have been shown to have
detrimental effects on physiological health.
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stage for children as they become less reliant physically on theirmother.
The timing of weaning severance can be inﬂuenced by cultural beliefs,
maternal labour, and environmental changes over time, seasonality,
and resource use and allocation between social groups or age categories.
The end of the weaning process can coincide with changes in the types
or quantities of foods consumed by infants and children,which could be
reﬂected in their dental microwear. Although it has been argued that
primate species are ‘biologically programmed’ to breastfeed up to
7 years, as a culturally mediated process the duration of breastfeeding
in modern human populations is much shorter (Dettwyler, 2004:714,
719). In an evaluation of breastfeeding and weaning practices in nonin-
dustrial populations (n= 112), Sellen (2001:2712) reported that 47%
had ceased breastfeeding by 2 years of age, 77% by 2.5 years of age,
and 97% had discontinued breastfeeding by 3 years of age. Longer pe-
riods of breastfeeding (N3 years) are predominantly associated with
forager societies (Konner, 2005; Sellen and Smay, 2001). For example,
the !Kung group of the Kalahari Desert occasionally breastfeed up to
and older than 4 years of age (Konner, 2005).
The eventual discontinuation of breastfeeding is culturallymediated.
Reasons given bymothers for discontinuing breastfeeding primarily in-
clude the age of the infant and additional pregnancies (Dettwyler, 1987;
Simondon et al., 2001), maternal labour obligations (Dettwyler, 1987),
illness of either mother or infant (Dettwyler, 1987; Meehan and
Roulette, 2013; Simondon et al., 2001), and cultural beliefs, for example
that breastfeeding for longer than 24 months would make a child “stu-
pid” (Dettwyler, 1987:640). The food provided by caregivers is depen-
dent on the environment, seasonality, food availability, and is
culturally speciﬁc based on beliefs or status (Fulminante, 2015; Levine,
1988; McDade and Worthman, 1998; Sellen, 2001). In rural Senegal,
weaning is planned around the rainy season and harvest when more
food is available to feed the infant, or so that mothers can work
(Simondon et al., 2001). In rural Nepal, Tibetan Humla women feed
complementary food to their infants during the agricultural season so
they can tend to harvests (Levine, 1988). Supplements consist of
premasticated grain foods mixed with water or butter that is left out
to feed infants throughout the day (Levine, 1988). This practice contrib-
utes to high rates of diarrheal disease and death among the infants and
children (Levine, 1988).
The practice of premastication can introduce infectious diseases to
infants. As in rural Nepal, it is common for caregivers today and histor-
ically to premasticate early complementary foods (Dewey, 2013). Ex-
amples include the premastication of sweet potatoes, meat, ﬁsh
(Sellen and Smay, 2001), banana, and glutinous rice (Imong et al.,
1995). While this enables infants to consume a greater variety of
foods, and importantly obtain more protein from meat, it is also one of
the least hygienic methods in relation to bacterial count (along with
mashing) as mouth organisms are transmitted with the food (Imong
et al., 1995). In a longitudinal study of infants (n=57) inNorthern Thai-
land, Imong et al. (1995) found that by 6 weeks of age 81% of infants
were receiving premasticated or mashed complementary foods. Food
preparation and handling are factors, therefore, that contributes to dis-
ease exposure in addition to climate, human waste disposal, contact
with domestic animals, and water quality (McDade and Worthman,
1998). Because of the soft texture, it may be more difﬁcult to detect
mashed foods as microwear signatures but given the microscopic size
of the inclusions that can cause microwear (for example plant
phytoliths) it is likely that some features may still be evident on the
enamel surface. Regardless, tooth-on-tooth contact during chewing
causes enamel wear (see Section 3.1) (Dawson and Brown, 2013).
Given that the weaning process and weaning severance can inﬂuence
general health it is important to try to identify how these processes oc-
curred and at what age.
Atypical macrowear patterns of deciduous teeth from an early age in
tandemwith artifactual evidence of feeding aidsmight indicate artiﬁcial
feeding practices in the past. As with teething, these wear patterns maybe distinctive compared with patterns produced from masticating food
andwould dependon the feeding apparatus used. Artiﬁcially feeding in-
fants from bottles, animals, animal horns, suckling bags, feeding tubes,
and other methods in the past are documented (Davidson, 1953;
Fildes, 1986; Radbill, 1981;Weinberg, 1993). For example, in Hellenistic
Greece, evidence suggests that feeding bottles were used from approx-
imately six months of age (Davidson, 1953). In another example, isoto-
pic analysis from Roman Egypt suggests that infants were fed goat or
cow's milk also from approximately six months of age (Dupras et al.,
2001). Historical evidence shows that artiﬁcially feeding infants sub-
stances other than breast milk before six months is detrimental to
health with high mortality rates because of the poor nutritional value
of the supplements provided (Davidson, 1953; Fildes, 1986). In addi-
tion, bacteria may be introduced to the infant during bottle-feeding
from inadequately sterilized teats (Imong et al., 1995; Weinberg,
1993), and in warmer climates animal milk may spoil quickly (Fildes,
1986:265). The mortality rate of infants is one important indicator of
overall health and the disease burden, socioeconomic status, and re-
source availability of a population. Dental micro- andmacrowear analy-
ses have the potential to identify where artiﬁcial feeding may have
occurred.
Weaning and fertility are related and have important implications
for population demography and health. Birth spacing and fertility may
be inﬂuenced by weaning and food availability with some researchers
hypothesising that agricultural production and innovations in food
preparation in the past could have enabled infants to be weaned at an
earlier age, thereby reducing the interval between pregnancies
(Larsen, 1995). Contemporary health surveys suggest that short birth
intervals are detrimental to infant health (Gribble et al., 2009). Con-
versely, longer periods between pregnancies reduce overall population
size and in regions where resources are limited this is beneﬁcial to
health as children are better nourished and have lower mortality rates
(Lutter and Lutter, 2012). In archaeological populations, a high fertility
population may be represented by high infant mortality and evidence
of repeat physiological stressors from early supplementation
(Littleton, 2011). Being able to detect the process of weaning in archae-
ological populations can help us to understand important demographic
changes that occur in tandem with changes in subsistence practices,
diet, and aspects of daily life such as divisions of labour.
A number of studies have found a relationship betweenweaning and
manual labour activities. While there are many exceptions (Van Esterik
and Greiner, 1981), in some societies women's work and breastfeeding
activities are correlated with the type of work performed and the dis-
tance travelled from home to get to work (Levine, 1988; Quandt,
1995). Where labour is conducted further from home infants have
been found to begin mixed feeding or weaning earlier (Van Esterik
and Greiner, 1981). Nepalese women participate in arduous mountain
agriculture and choose to supplement their infant's diet, and leave chil-
dren at home with siblings, other women, or men to be cared for while
theywork (Levine, 1988). Thework and terrain is physically demanding
and not conducive to actively looking after an infant or child (Levine,
1988). Supplementation, childcare practices, and the sexual division of
labour are similarwithin the region between different religions and cul-
tural groups inferring that the environment and subsistence practices
are the main impetus for child minding and early supplementation in
these communities (Levine, 1988). In the archaeological record, the
age weaning ceases may indicate a change in subsistence patterns
over time and how women contributed to group labour activities in
the past as temporal changes in subsistence can be visible as changes
in microwear signatures on adult teeth (Scott, 2016). However, not all
maternal labour activities impact breastfeeding patterns.
Dental microwear analysis provides a method that can be used to
potentially identify social groups and divisions within the life course
of infants and children. Social age categories of infants and children
are characterised through cultural constructions of social identity that
can correspond to their diet (Knudson and Stojanowski, 2008). As
Fig. 1. The location of Phase II grinding facets (9 to 13) are indicated on themaxillary right
second deciduous molar (following Maier and Schneck, 1982).
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may become available to them through their contribution to household
or group labour (Kramer, 2005), thereby creating contrasting patterns
of microwear compared with younger (or older) infants.
When dental microwear is used with other biological stress indica-
tors that are inﬂuenced by diet and nutrition, it has the potential to be-
come an especially valuable tool. In addition, it could help decipher age
divisions with populations and culturally speciﬁc social age groups (c.f.
Knudson and Stojanowski, 2008:410). Given thedifferences that exist in
the diet between weaning and weaned children, the timing of the
weaning process and severance, diverse natural environments, and cul-
tural practices it seems likely that the dental microwear signatures
within and between populationsmay vary. Currently, the breadth of an-
thropological studies of infant and children's diets in the past using den-
tal microwear analysis is slim. Next, a review of the research that have
used dental microwear on deciduous teeth are presented with an over-
view of tooth biology, bite force, and the oral mechanics of infants com-
pared with adults to highlight the potential inﬂuence of these factors
over microwear patterns (Sections 3.1 to 3.5).
3. Dental microwear
From the 1970s dental microwear analysis has been used to investi-
gate differences in the diet between and within primate and hominin
species (Gordon, 1982; Puech, 1981; Ryan, 1979), and modern human
adults. However, as noted, it has infrequently been used on deciduous
teeth. Given the importance of weaning and infancy outlined, the lack
of research is surprising and is perhaps, in part, indicative of the past
focus on adult samples in bioarchaeology (Halcrow and Tayles, 2008).
The principles of microwear formation in adults with permanent
dentition also apply to deciduous teeth but with several differences,
the implications of which have not been discussed thoroughly in the lit-
erature. Consideration of the microwear formation on adult teeth have
included differences in bite force between groups (for example males
versus females, or between populations), the properties of foodstuffs
or extraneous grit (the hardness of foodstuffs or extrinsic particles),
and the region of the tooth used in research and phases of the chewing
cycle (Mahoney, 2006a,b). For example, shearing facets and grinding
facets are created during different phases of the chewing cycle as they
perform different functions during mastication (Hillson, 1996). Recent-
ly, Mahoney et al. (2016) have looked into some of the differences be-
tween adult and deciduous teeth that could potentially impact dental
microwear formation. In this review, tooth structure, the progression
of jawmovements andoralmechanics, and the enamel surfaces affected
by microwear are discussed in more detail with an aim to understand
how this method can be used to investigate the weaning process, and
contribute to broader anthropological discussions on the lives of infants
and children in the past. Factors to consider in deciduous dental
microwear analyses include the structural and chemical composition
of deciduous teeth, bite force, and the oral kinetics of infant's mouths,
which differ to adults. Taking these factors into consideration will ben-
eﬁt future applications of dental microwear analysis of deciduous teeth
in assessing weaning processes.
3.1. Dental microwear
Dentalmicrowear signatures are constantly overwritten and as such
are indicative of the productsmasticated in theweeks ormonths before
death. They therefore provide a snapshot of the diet within this time
frame before death (Grine, 1986; Teaford and Oyen, 1989). Enamel
tooth macrowear is caused by a combination of attrition, abrasion, and
erosion (Hillson, 1996). Attrition is caused by direct tooth-on-tooth
contact (termed ‘two-body’ wear in tribology); abrasion is caused by
contact with extrinsic abrasive particles within or on foodstuffs
(three-body wear); and erosion is caused through contact with acidic
substances in vivo (tribochemical wear) or through contact with theburial environment (Addy and Shellis, 2006). These mechanisms inter-
act and occur concurrently to wear down dental enamel (Addy and
Shellis, 2006; d'Incau et al., 2012).
Dentalmicrowear analyses investigates themicroscopic patterns left
on enamel during eating or from extramasticatory use, for example
using the teeth as a ‘third-hand’ or as a “tool”, for example to strip off
the outer layer of ﬁbrous plants (Hillson, 2005; Littleton et al., 2013;
Molnar, 2011). These can leave different patterns of macro- and
microwear that can affect different teeth or tooth surfaces. Therefore,
patterns of toothwear are inﬂuenced byboth diet and cultural practices.
Food and extrinsic particles cause microscopic wear patterns on the
enamel surface of teeth unless in a liquid form or very soft. Microwear
is created during the crushing and grinding process of normal mastica-
tion. Onmolarsmicrowear is produced on the grinding facets on the oc-
clusal surface during the power stroke of the chewing cycle (Grine et al.,
2006; Hillson, 2005; Mahoney, 2007). Generally, the microwear pro-
duced on grinding facet nine is one of the sites commonly analysed
(Fig. 1).
Dental microwear has typically been examined using two-dimen-
sional semi-automated analysis (for example using scanning electron
microscopy) or with three-dimensional fully-automated quantiﬁcation
of surface features (for example dental microwear texture analysis
using confocal microscopy) (Hillson, 2005; Scott et al., 2006). Three-di-
mensional analyses enables larger sample sizes due to faster processing
and provides a record of depth proﬁles of surface features (Scott et al.,
2006). It removes inter-observer error of the quantiﬁcation of individual
features and methods are currently being adapted to minimize inter-
microscope dietary analysis (Arman et al., 2016).
Two-dimensional microscopic surface features created during mas-
tication are typically recorded as either pits or striations (scratches).
Pits are formed with the removal of enamel from crushing hard foods
or particles between the teeth (Ryan, 1979; Schmidt, 2010). Striations
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ticles sliding over the enamel surfaces of opposing molars (Hillson,
2005; Mahoney, 2007; Organ et al., 2005). In 3D analysis (dental
microwear texture analysis, DMTA) other variables can be quantiﬁed
such as the Exact proportion length-scale anisotropy, Area-scale fractal
complexity, and Textural ﬁll volume (Scott et al., 2005). Put simply, an-
isotropy is a measure of the directionality and orientation of microwear
features over the surface, complexity is a measure of the number and
variation of overlaidmicrowear features across different scales, and tex-
tural ﬁll volume is a measure of the total depth of microwear features
across the surface from the highest point (for a full discussion of the
technical applications of DMTA and methods see Scott et al., 2005,
2006; Ungar et al., 2003).
Past studies have found a correlation between striations and aniso-
tropic surfaces, and the consumption of tough or soft foods, and plant
foods (Pontzer et al., 2011; Scott et al., 2012; Ungar and Scott, 2009;
Ungar et al., 2012). Complex microwear surfaces have been attributed
to a varied diet with harder foodstuffs or abrasive inclusions (Schmidt
et al., 2016a; Scott, 2016), while a greater number of pits and high tex-
tural ﬁll volumes have been associated with very tough or hard food-
stuffs, or grit within the diet (El Zaatari, 2010). Factors inﬂuencing
microwear signatures include types of food, cooking, how food is stored
and processed, and dental health (Grine, 1984; Mahoney, 2007). The
preparation of food products and feeding techniques for infants differ
to older children and adults. Additionally, the masticatory behaviour
and dental biology of infants and children differs to adults and needs
to be considered in future research of dental microwear analysis.
These considerations are reviewed here.
3.2. Dental microwear studies using deciduous teeth
Compared with permanent teeth, dental microwear on deciduous
teeth, especially of modern humans, is under researched, some of
which is due to the obtainability of the datasets. For example, Fox and
Perez-Perez (1993) were able to examine the dental microwear on
the deciduous molars from one subadult available to them. Molleson
and Jones (1991) included one 4 to 5 year old in a larger study that
used dental microwear to investigate adult diet at Aby Hureyra, Syria
from the Mesolithic to the Late Neolithic. They found that the child's
diet was softer and possibly more acidic compared with adults
(Molleson and Jones, 1991). They attribute the acidity to the
premastication of food by adults. Though, given the child's age and full
set of deciduous dentition this conclusion is dubious. Bullington
(1991) was one of the ﬁrst to explore differences in patterns of dental
microwear between infants (n=36) aged 6 to 27months from two cul-
tural groups pre and post maize cultivation (horticultural versus agri-
cultural) from the Lower Illinois River Valley. Her results were the ﬁrst
to show that dental microwear can be used successfully to identify
changes at the onset of weaning and with the introduction of comple-
mentary foodstuffs. Looking at incisors and ﬁrst molar cusp tips using
scanning electron microscopy (SEM), microwear features were quali-
ﬁed as either pits or scratches but were not measured in terms of size
(Bullington, 1991). Her results showed increases in microwear features
with age in both periods (Bullington, 1991). In addition, she suggests
that the pattern of microwear indicates that the diet of infants in the ag-
ricultural period was softer and less varied than that fed to infants dur-
ing the horticultural period (Bullington, 1991).
In her unpublishedMasters thesis, Burrows (2015) conducted a den-
tal microwear analysis of deciduous teeth on a sample of aboriginal in-
fants and children (n=42) fromRoonka Flat, Australia dated to thepast
10,000 years. This study used grinding facet 9, shearing facet 4, the buc-
cal surface ofmolars, and the labial surface of incisors to investigate sub-
adult diet. Burrows (2015) used changes in dental microwear to try to
assess life stages from infancy in this hunter-gatherer group. Analysis
was performed using environmental scanning electron microscopy
and the semi-automated software programMicroWare 4.02 developedby Dr. Peter Ungar (Ungar, 2002). Infants, children, and young adults
were placed into social age groups or ‘phases’ (0–3 years, 4–12 years,
12–16 years, 16–25 years) based on ethnographic observations of ab-
original communities (Burrows, 2015). Overall, the general absence of
pitting on grinding facet 9 suggested that infants did not consume a
hard or particularly abrasive diet (Burrows, 2015). This is consistent
with infants breastfeeding or a combination of breastfeeding and com-
plementary feeding prior to the end of the weaning process. Microwear
striations between each social phase groups were signiﬁcantly different
(Burrows, 2015). This was interpreted as younger individuals having
consumed a softer, less varied diet compared with older individuals
(Burrows, 2015). Burrows (2015) suggests that it would be beneﬁcial
to use dental microwear texture analysis (DMTA) in further
investigations.
There is currently one published example using DMTA on deciduous
teeth to address childhood diet (Mahoney et al., 2016). Mahoney et al.
(2016) used DMTA to look for evidence for weaning and differences in
foodstuffs between age categories and socio-economic status groups
at the Mediaeval Canterbury site at St Gregory's Priory and Cemetery
(11th to 16th century AD). Dental microwear texture analysis using
white-light scanning confocal microscopy and analysis software
(Sfrax® and Toothfrax®) was performed on deciduous maxillary mo-
lars (n = 44). Results showed a statistically signiﬁcant difference in
microwear complexity between biological age categories (1–2 years,
2.1–4 years, 4.1–6 years, and 6.1–8 years). Children in the 4.1–6 year
age group had lower mean complexity values compared with younger
(2.1–4 years) or older (6.1–8 years) children (Mahoney et al., 2016),
which may reﬂect social age phases as discussed by Burrows (2015).
No differences were found between the different socio-economic
groups.
As the authors note, other dental microwear texture signatures, for
example textural ﬁll volume, were not analysed. This variable may be
particularly valuable when used in concert with complexity (Asfc) in
deciphering differences between microwear signatures that may be at-
tributed to differences in bite force between age categories. The authors
consider some of the differences between deciduous and adult
microwear formation such as increasing bite force and horizontal jaw
movementswith age (based on an increase in jaw size), and themallea-
bility of deciduous versus permanent enamel, which are discussed in
more detail here in Section 3.4.
Differences in the progression of oral motor function could further
extend the interpretation of their results. Mahoney et al. (2016:133)
note that high anisotropy values in the 1–2 year old age category were
created by “the fewest changes in jaw direction during chewing”. This
makes sense from what is known about the developmentally related
progression of jaw movements as infants' age (discussed in Section
3.5). They credit these values to the consumption of a less varied diet
compared with children in older age categories. Although it is likely
that this age group did consume a limited range of foods compared
with older children, at this young age infants are only capable of vertical
and horizontal jaw movements rather than being physically capable of
completing a full ‘chewing’ sequence. As will be discussed, this is an im-
portant aspect to consider in microwear interpretation. In the same
vein, it may be beneﬁcial to divide the earliest age categories based on
stages of oral motor function thereby separating infants with full rotary
jawmovements from infants with developmentally lessmovement. Be-
cause the DMTA results fromMahoney et al. (2016) suggest differences
in microwear texture based on social age phases, an opportunity exists
to compare these results with adults from the same cemetery to illus-
trate possible similarities and differences between subadults and adults.
3.3. Tooth biology
There are a number of structural and chemical differences between
deciduous and permanent tooth enamel, which have implications for
the comparative morphology of microwear patterns between these
6 R.M. Scott, S.E. Halcrow / Journal of Archaeological Science: Reports 11 (2017) 1–11tooth types. The structural differences are, in part, due to the shorter for-
mation time of deciduous tooth enamel compared with permanent
crowns (6 to 14 months and 3 to 4 years, respectively) (De Menezes
Oliveira et al., 2010; Wilson and Beynon, 1989). Deciduous dental
enamel is thinner (De Menezes Oliveira et al., 2010; Grine, 2005;
Mahoney, 2010; Wilson and Beynon, 1989) and structurally weaker
(Low et al., 2008) than permanent tooth enamel. Scanning electron mi-
croscopy has shown the mean enamel thickness of deciduous versus
permanent molars is 1.14 mm compared with 2.58 mm (De Menezes
Oliveira et al., 2010) and comparable results have been found in studies
using measurements taken from histological sections (Grine, 2005;
Mahoney, 2010). This difference, at least inmolars, is slightly more pro-
nounced in the maxillary teeth (Grine, 2005).
Structurally, differences exist in the size and shape of the hy-
droxyapatite grains within enamel (Low et al., 2008). The mean
prism diameter is less in deciduous enamel (2.60 μm) compared
with permanent teeth enamel (3.15 μm)(Gentile et al., 2015) and
the numerical density of enamel rods in deciduous enamel is higher
(De Menezes Oliveira et al., 2010). Chemically, energy-dispersive X-
ray spectroscopy (EDS) analysis has shown that the percentage of
calcium and phosphorus is lower in deciduous teeth (De Menezes
Oliveira et al., 2010). Indentation tests, which measure the degree
of force applied to a surface, indicate that structural differences
such as these make deciduous enamel more susceptible to fracture
(Low et al., 2008). Combined, these factors suggest that dental
microwear signatures could potentially differ between adults and
children consuming the same foods because of the structural and
chemical properties of their tooth enamel. Microwear may potential-
ly form more rapidly on deciduous teeth, although to date, this has
not been tested and factors such as bite force must be considered.
3.4. Bite force
The developmental changes of the masticatory system that affect
bite force are important to take into consideration when assessing
microwear in infants and children. Human bite force increases from in-
fancy through to adulthood (Kamegai et al., 2005; Owais et al., 2013).
Mountain et al. (2011) found broad inter- and intra-variation of the
bite force of 3 to 6 year olds (n= 205). In a study of Japanese children
aged 3 to 17 years, Kamegai et al. (2005) found a slight difference in
themean bite force of males (n=1248) and females (n=1346) across
age groups with males exerting greater force. This is in accord with the
ﬁndings of Owais et al. (2013) who found a difference in the bite force
between the sexes (n=1011 total). However, in both studies the differ-
ence was negligible in the earliest age category (~3 to 5 years of age)
meaning sex-related bite forcemay not be an important factor in dental
microwear signatures during this time of life. At the youngest age of
complete rotary jawmovements during mastication (~36 months), ap-
plied bite force will be such that microwear features will be inherently
shallow compared with older children and adults. As noted by
Mahoney et al. (2016:130), increased bite force could encourage more
extrinsic particles to be driven into the enamel during mastication. In
traditional SEM analysis, this would create larger, deeper pits on the oc-
clusal surface (Molleson and Jones, 1991). In microwear texture analy-
sis, increasing bite force with age should be considered if comparing
microwear signatures (especially textural ﬁll volume) on occlusal sur-
faces between children and adult teeth.
Mastication can involve bi- or unilateral chewing. Mountain et al.
(2011) found a difference in the bite force of children (3 to 6 years) be-
tween the right and left sides, albeit not statistically signiﬁcant. This is
similar to studies of adult mastication that have shown unilateral
chewing preferences for the right side, which is related to handedness
(Diernberger et al., 2008). In addition, macrowear patterns on teeth of
modern (Bourdiol and Mioche, 2000) and archaeological populations
have been found to be asymmetrical (Radović and Stefanović, 2013).
Therefore, where possible teeth chosen for microwear analysis shouldbe obtained from the same side of the dental arch. If this is not possible
statistical analysis may be performed to determine if observed differ-
ences are related to individual side preferences during mastication.3.5. Oral mechanics of infant mastication
Little work has investigated the developmentally normal masticato-
ry movements and feeding processes of infants (Le Révérend et al.,
2014; Wilson et al., 2012). This is essential for understanding the wear
processes and microwear patterns on deciduous teeth. Published work
suggests that effective mastication and the manipulation of the food
bolus in the mouths of infants and children develops in tandem with
cranio-facial maturation (Gisel, 1988; Le Révérend et al., 2014; Morris
and Klein, 2000; Wilson et al., 2012). Before the age of approximately
6 months, the palate and associated features (pharynx, lips, cheeks)
are capable of processing liquids only through suckling (Delaney and
Arvedson, 2008). From approximately 6 months of age other foodstuffs
can be consumed in linewith physical changes until themolars erupt at
between approximately 13–19 months. These then enable effective
crushing (‘chewing’) of solids and textured foods (Delaney and
Arvedson, 2008).
Infant and child masticatory development and feeding reviews
(Delaney and Arvedson, 2008; Le Révérend et al., 2014) have found
that at around 6 months of age the tongue protrusion reﬂex ceases
and the impulse for infants to push food from their mouths using their
tongue no longer occurs. This enables easier consumption of non-liquid
foods. At this age, the tongue is the primary feature responsible for ma-
nipulating food in themouth prior to swallowing (Lau andHurst, 1999).
Food is therefore pushed over erupted incisors during consumption, pri-
marily on the lingual surface.
Vertical jaw movements (‘munching’) begins between the ages of 6
and ~8 months, prior to the eruption of deciduous ﬁrst molars
(Delaney and Arvedson, 2008; Le Révérend et al., 2014). Horizontal
jaw movements during mastication begin at approximately the same
time deciduous second molars erupt (~23 months) (Le Révérend et
al., 2014). Complete rotary jaw movements with consistent occlusal
contacts while eating begin from approximately 36 months of age
(Fig. 2) (Gisel, 1988; Le Révérend et al., 2014; Wilson et al., 2012).
From the age of 3 years, child and adult oromotor functions are similar
(Wilson et al., 2012). Before this time, vertical jaw movements would
seemingly only produce ‘crushing’ features on occlusal surfaces on
ﬁrstmolars (when theymanage to connect) of infants younger than ap-
proximately 23 months, with some sliding movements between teeth
occurringwith the introduction of horizontal jawmovements of infants
over ~23 months.
How the food bolus is shifted around the oral cavity, the time
spent chewing, and the number of chewing cycles differs between
infants, children, and adults, and with the consistency of the food it-
self (Wilson et al., 2012). The breadth of jaw movements increases
and becomes more accurate in tandem with more varied foodstuffs
(Delaney and Arvedson, 2008). Studies have found that the number
and duration of chewing sequences vary between infant age catego-
ries (for example b6 month olds compared to 7 and 12 month olds
(Wilson et al., 2012).
The food bolus, if containing abrasive particles either intrinsic or ex-
trinsic, will abrade enamel surfaces as it ismoved about themouth prior
to swallowing, even without mastication by the molars (Lambrechts et
al., 2006). At the onset of weaning, dental microwear should be evident
on the enamel of the lingual and occlusal surface of erupting incisors be-
fore the molars erupt. Additional factors requiring consideration of the
pattern of dental microwear include malocclusion and the tooth erup-
tion sequence, and mixed dentition (deciduous and permanent teeth
from ~6 years of age). Corresponding deciduous maxillary or mandibu-
lar teeth erupt at different times. If a molar has no correspondingmolar
to occlude with then food is unable to be masticated between them.
Fig. 2. The progression of the eruption of deciduous central incisors and ﬁrst molars with the development of oral skills (jawmovements) and dental macro- andmicrowear mechanisms
(based on information on developmental stages and chewing cycles by Delaney and Arvedson, 2008; Gisel, 1988; Le Révérend et al., 2014). The eruption sequence is based on the
guidelines of the American Dental Association (ADA, 2005) and will vary between populations.
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reaches occlusion (Teaford, 2007).
The implications of biological growth and oromotor function onden-
tal microwear and the macrowear surfaces on infant teeth have not yet
been adequately tested. Developmental events, including tooth erup-
tion, need to occur for infants and children to successfully chew foods
using consistent complete rotary jaw movements. The physical devel-
opment of the oral systems and complete oromotor function of infants
is not complete until after approximately three years of age. Therefore,
it would be reasonable to test hypotheses comparing adult and child
dental microwear and diet from this age while considering differences
in bite force. Before the age of three the processes involved in mastica-
tion differ between children and adults. The age and functional stage
of chewing (that is, vertical, horizontal, or complete rotary motion)
need to be considered in any investigation of the dental microwear of
infants and children.4. Challenges, possibilities, and complementary research
There are challenges associatedwith the study of human remains in-
cluding dental microwear analysis that should be addressed. For exam-
ple, early weaning foods may not be easily detected as microwear
signatures due to their consistency unless small inclusions are within
the food, which is possible. Soft complementary foods are known to in-
clude cereal gruel or maize porridge, mashed food, banana, meat broth,
bread soaked in water or milk, honey (Meehan and Roulette, 2013;
Mølbak et al., 1994), and bird's nest soup for example (Radbill, 1981).
Like soft foods and broth, the practice of premasticating food could po-
tentially mask the microwear signatures of these particular food items.
In addition, as noted, teething aids (for example bone) (Schmidt et al.,
2016a,b; Sellen and Smay, 2001) or paciﬁers (Mahoney et al., 2016)
could producemicroscopicwear that is not attributed to food consump-
tion. However, it is unlikely that dental microwear produced from
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with feeding in infants as non-consumable teething objects are not ma-
nipulated within the mouth prior to swallowing.
Dental microwear studies may be used to extend research that is
assessing weaning from dental macrowear (Dawson and Brown,
2013; Mays, 2015). Mays (2015) studied the macrowear of deciduous
central incisors from infants and children (6 months to 7 years) from
the British mediaeval site of Wharram Percy (11th to the 14th century
AD) in an attempt to identify the onset and eventual severance of
weaning. Previously, stable isotope analysis of the sample had detected
a decline in δ15N values from the ages of 1 to 2 years, which suggested a
decrease in the intake of breastmilk (Richards et al., 2002).Mays (2015)
found that the degree of macrowear could not be attributed to the
timing of the introduction of complementary foods even though isotope
analysis indicated that breast milk consumption had declined in these
age categories (Mays, 2015). Mays (2015) proposes that complementa-
ry foods may have been introduced early and suggests that dental
microwear may be better at detecting the subtle differences associated
with weaning. In the Wharram Percy infant sample, microwear signa-
tures may be visible on the lingual surface of the ﬁrst incisors from the
contribution of the tongue manipulating foodstuffs and on the occlusal
surface of molars from vertical munching and crushing movements in
individuals between 1 and 2 years of age (see Fig. 2). If complementary
foods capable of producing microwear were introduced earlier, then
microwear signatures would be detected on the ﬁrst erupting incisors
from approximately 6months of age, as was suggested by the visual ob-
servations of macrowear (Mays, 2015). Independently, dental
microwear is a valuable tool for investigating weaning patterns. Alter-
natively, it can be used in tandemwith stable isotopes or other datasets
to corroborate the timing of weaning in the past.
Stable isotope analysis is commonly used to identify the introduc-
tion of complementary foods and the completion of breastfeeding in
the past. Analyses of weaning frequently use nitrogen isotopes (δ15N)
taken from bone collagen and carbon isotopes (δ13C) from bone and
teeth, which represent dietary proteins. Comparisons are made be-
tween adults, preferably females, as infant isotope ratios are relative
to their mother (Eerkens et al., 2011; Reynard and Tuross, 2015;
Richards et al., 2002; Tsutaya and Yoneda, 2015). Isotopic ratios are typ-
ically substituted from non-maternal females as identifying mother-
child pairs in the archaeological record is difﬁcult (Reynard and
Tuross, 2015). δ15N values decrease with the reduction of the maternal
food source (breast milk) and with the introduction of complementary
foods. Therefore, changes in δ15N values can act as a signal for weaning.
A new method using incremental analysis of isotope ratios taken from
dentine collagen, which does not remodel over time, is producing
more reﬁned temporal resolution of the stages of the weaning process
and this can be analysed using deciduous and adult teeth (Beaumont
et al., 2013, 2015; Eerkens et al., 2011).
While stable carbon isotopes can distinguish between the consump-
tion of C3 or C4 plants it has not yet developed to identify which part of
the plant was consumed (Grine et al., 2012). Dental microwear analysis
however, can reﬂect the consistency and fracture properties of the foods
consumed, and has been shown to detect subtle differences between
dried versus fresh vegetation, and food preparation techniques (El
Zaatari, 2010; Mainland, 2003, 2006). Burt (2015) noted in her investi-
gation of weaning of individuals from the medieval Fishergate House
cemetery, York that isotope ratios suggested a diet that includedmarine
ﬁsh and pig but she could not discern how these products were pre-
pared. Microwear analysis could help to discern how these items were
processed as the textures and additives of fresh, salted, or pickled
meats may leave very different microwear signatures. In a study of the
diet and dental health of infants from Roman Italy (1 CE–300 CE)
using δ15N and δ13C values, Prowse (2011) found that fullyweaned chil-
dren from approximately 2.5 years of age consumed a diet that differed
to the adult female population, suggesting a predominantly terrestrial
diet. Prowse (2011) suggests that other methods could be useful indetermining the texture and types of complementary foods consumed.
Dental microwear analysis could help disentangle these questions by
identifying texture variables and fracture properties between the
same foodstuffs that have been prepared in different ways.
As a combined tool, dental microwear and stable isotope analyses
can be used to help elucidate breastfeeding and weaning practices dur-
ing ill health. For example, in some communities, mothers have been
known to begin the weaning process with the introduction of comple-
mentary foods only to discontinue weaning and resume exclusive
breastfeeding if the infant becomes ill (Marquis et al., 1997; Simondon
et al., 2001). In these circumstances, the isotopic signal taken from an
archaeological sample may indicate exclusive breastfeeding prior to
death, or a mixed signal. Dental microwear analysis could indicate
that foodstuffs had been eaten, as the breast milk would not overwrite
the microwear signatures that had already formed during the comple-
mentary feeding period. In a cemetery population Burt (2015:285)
identiﬁed childrenwith ‘unusual’ isotope signals that indicated a period
of extended breastfeeding compared to their contemporaries. These
particular children also exhibited signs of physiological stress (Burt,
2015). When isotopes and microwear are considered together there-
fore, they may reﬂect a return to breastfeeding if a child had become
ill, as has been demonstrated in some contemporary communities.
This may provide an insight into the cultural perceptions of
breastfeeding in these groups.
A small number of studies have already successfully combined den-
tal microwear and stable isotope analyses to explore diet in the past
(Grine et al., 2012; Hogue and Melsheimer, 2008). Hogue and
Melsheimer (2008) used a combination of δ13C and δ15N and 2-dimen-
sional dental microwear analysis (using SEM) to investigate dietary
transitions in east-central Mississippi from the Archaic (6000–
4000 BCE) through to the Protohistoric period (CE 1520–1715). Prior ar-
chaeological research of plant and faunal remains suggested that the
diet had changed from a predominantly foraging-hunting economy to
agricultural production,whichwas followedby a decrease inmaize pro-
duction (Scarry and Reitz, 2005). Dental microwear and stable isotope
analyses revealed that during the latest period the diet was comprised
of harder foodstuffs,most likely nuts, a pattern similar to the earliest Ar-
chaic period (Hogue and Melsheimer, 2008). The combination of these
complementary methods was especially useful given the small sample
sizes used in this study (b10 individuals), an issue not uncommon in
bioarchaeological research. Using these two independent lines of evi-
dence has shown to be a particularly useful tool for interpreting diet
in the past (Grine et al., 2012; Hogue and Melsheimer, 2008).
Taking moulds of teeth for microwear analysis does not damage
teeth or surrounding bone.Microwear studies can include larger sample
sizes and compliment smaller subsections of the same samples taken for
isotopic analysis. Ideally, moulds could easily be taken for microwear
analysis prior to tooth extraction for isotopes analysis. To date, the po-
tential application of microwear analyses with other methods has not
been fully utilised and may provide interesting avenues for future
research.
5. Conclusion
Dental microwear analysis of infant and children is a growing ﬁeld
and has the potential to provide important insights into weaning and
feeding practices in the past. More broadly, it can contribute to wider
anthropological questions regarding population growth and health,
subsistence practices, and social age categories among children. Cur-
rently, there is a paucity of microwear studies using deciduous teeth
comparedwith studies of adult dentition. Developments in quantitative
techniques and understandings of microwear formation processes now
enable automated and more accurate processing of larger datasets.
Techniques such as dental microwear texture analysis provide a tool
for research using samples thatmay be fragile or unavailable for isotopic
analysis and can complement such research. The review demonstrates
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used to investigate the introduction of complementary foods into the
diet of infants and changes in the diet related to social phases across
childhood. Where preservation is good this method can be used from
the youngest age of tooth eruption (~6 mos).
This review contributes to future dental microwear analysis by
outlining the differences in dental enamel andmasticationmechanisms
between infants, children, and adults that are central to understanding
microwear formation and interpretation. The key themes and recom-
mendations can be summarised as follows:
1. The weaning process and the complementary foods that are intro-
duced into an infant's diet are culturally speciﬁc. The nutritional
value of complementary foods and how they are prepared and
served impact infant biological health and potential future adult
health. This process can be investigated directly through the analysis
of dental microwear. However, there are many aspects of the
microwear formation process on deciduous teeth that have not
been given sufﬁcient consideration as there are inherent differences
between infant and adult dentition, jaw movements, and the physi-
cal properties of their teeth
2. Jaw movements and oral motor function progress in a predictable
pattern with age from birth. These factors to be considered during
the analysis of dental microwear formation until at least three
years of age, whenmastication is similar to older children and adults
and complete rotary chewing motions are achieved. For example,
early vertical jaw movements prior to the contribution of horizontal
or rotary movements may not be sufﬁcient to create signiﬁcant stri-
ations (an anisotropic wear pattern) on a tooth's surface.
3. The contribution of the tongue in manipulating and consuming food
during infancymay impactmicrowear patterns. As amastication appa-
ratus the tongue moves food around the mouth, particularly over the
lingual surface of incisors. The microwear caused by movements of
the tongue is a different mechanism to the typical chewing and grind-
ingmovements of molars during eating. Incisor microwear is especial-
ly important prior to the eruption of opposing molars. The microwear
on the incisors of infants prior to the eruption of molars is not compa-
rable to the microwear on the incisors of infants with erupted molars
(with vertical and horizontal jaw movements ~ 24 mos) as molars
then assume the primary role during mastication.
4. Bite force increases with age and as such will impact microwear sig-
natures with pits and scratches, and textural ﬁll volume displaying
different attributes and values with age. This should be considered
in tandemwith other factors such the progression of oralmotor func-
tion and the introduction and texture of complementary foods.
5. There are biological developments that progress in the sameman-
ner in all healthy infants and children, and biological changes
often inﬂuence age categories used in research design. However,
as children age they may enter new social age phases based on
their perceived place within the community. In turn, this can
open new avenues for food acquisition that may alter their diet
and subsequent dental microwear signatures. If evidence for so-
cial age phases is available it is recommended that age categories
are established with these in mind.
Future research into identifying which surfaces exhibit microwear
on deciduous teeth and how developmental stages impact these wear
signatures will aid in research using these methods. Given the impor-
tance of the weaning period on all humans' lives, dental microwear
analysis is an effectivemethod that offers many opportunities for inves-
tigating the dietary transitions of infants and children and thewellbeing
of wider communities.
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